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h : e ,  ri;fie et teilus et  quod tegit oimm caelum, 
 VI,^. trdt roto Satuiac \ ill~u. m orhe. 

h z c  clLldq.ia:n. 111.1 plII( iLL,  i i  , cong~htaque  eodzm 
S o i l  i a i e  j u n c t a w . i  di>cI,rdiJ semiria rerum.” 

vi-ot? O n d  ni<in\- cmturles ago: and prcsent&r TEC- theories are tmdmg to t h c  idea that hfe evolved m 
the murky dust cloud of the prmiitire cosmos. 

The I xpLiiiiimta1 dpproach to the question of the o r i p  
of hfe is the culnilnntion nf the natilralistic movement 
which begm with the Renaissance and reached its height 
in tho nndclle of thr mnetecnth ccntury vith thr Drii-v man 
theory of e\-olution. The idea of the biological unity of 
everything hvmg, and the evolution of the hgher forms of 
Me from the Ion cr-an idea nh~ch  caused a re\ olt among 
the huniri11ists of the nineteenth century-is to-dag- the 
corner Dtone of modem biology. If tlus conrept of evolution 
LE pushed to its logical conclusion, another form of erolu- 
tion has t o  be postulated, prior to biologcal evolution, 
namely. dlelluirdl erolution. 

\\ ILL great msight tlir physicst. Tyndall, wrote rn 
1871 : Dsiv-in placed at the rout of life a piimordial 
gcr~ii. from 11 iiich he coiLtei\-ed that the anlniiiig richness 
arid X-ariety of the life iiow upoii the eaith’s suface 
i ~ g h t  be d+.dlii,rd. If tlils Iiypothrs~a uere time, it ~ o u l d  
not be final. The humail xxagu i~~ io i i  \\ oald mf~l l ih l -  
look bchmd the g r m  and. ho\i ever hopeless the attrmpt. 
ficidd e:.qilir~ into the liirtov- of it> gtmesis. . . . -4 deslre 

10 con?ert the preserii LfL of c w  planet 
11 iyh to lmotv something 0: our remot- 

est ancestq-. . . . Does llfe belong to what n e  call matter 
or is it an mdependent prmciple mserted into matter at 
some suitable epoch. n hen the physical conditions became 
such as to permit of the development of life 9”’. 

Our difficulty is not m t h  the quahty of the problem but 
with its complexity. “The evolution movement”, wrote 
Bergson, “would be a smple one, and r e  should soon be 
able to iletemme i ta  dtrc.ction if Me had described a single 
course like that of a solid ball shot from a cannon. But i t  
proce~ds rather lrke a &ell, which suddenly burst-s mto 
fra-gnents, wheh fragments, hirig themselves shells, 



burst in their turn into fragments, destined to burst again, 
and so on for a time incommensurably long. We perceive 
only what is nearest to us, namely, the scattered move- 
ments of the pulverized explosions. From them we have 
to go back, stage by stage, to the original movement.”z 
Even the formulation of this problem is perhaps beyond 
the reach of any one scientist, for such a scientist would 
have to be a t  the same time a competent mathematician, 
a physicist, and an experienced organic chemist. He should 
have a very extensive knowledge of geology, geophysics 
and geochemistry, and, besides all this, be absolutely a t  
home in all biological disciplines. Sooner or later, this 
task would have to be given to groups representing all 
these faculties and working closely together theoretically 
as well as experimentally. Such was the view professed 
by Bema1 in 1949 (ref. 3). However, to-day we have 
reason to be more optimistic. For the first time in human 
history, the sciences which arose as separate disciplines 
are seen fused together, and this view stretches from the 
beginning to the end of scientific endeavour. 

In the first stage of chemical evolution, the primeval 
cloud of hydrogen gas by a series of reactions-implosion, 
fusion and fission-gave rise to the elements of the Periodic 
Table. This event probably occurrod 20 thousand million 
years ago. About 18 thousand million years later, whcn 
the solar system was being formed, the highly reactive 
elements probably existed in their reduced form- 
methane, ammonia and water. When the planet Earth 
was being born from the primitive dust cloud, 4.5 thousand 
million years ago, the rudimentary molecules which were 
the forerunners of the complex biological polymers of 
2 thousand million years later were perhaps already in 
existence. 

In this scheme of things, life is only a special and very 
complicated form of the motion of matter. It arose as a 
new property of matter which it had not possessed earlier, 
and which only occurred a t  a particular period in the 
existence of our planet and resulted from its orderly 
development. “The origin of life was not an occurrence 
ascribed to some definite place and time,” wrote Margolis4, 
“it was a gradual process operating upon the earth over 
an inconceivably long span of time, a process of unfolding 
which consumed perhaps mom millions of years than 
was required for the evolution of all the species of living 
things.’’ A long chemical evolution was considered 
necessary for the origin of life. Three distinct chemical 
phases of this evolutionary process could be postulated; 
inorganic, organic chemistry and biological chemistry. 

Life, then, may be considered to be an inevitable process 
md bound to appear in the cosmos wherever conditions 
are favourable. S d p l h g  of galaxy populatioq* to the 
limit attainable by preaent telesqopes shows tbt  there 
are more than l,QaO stma in the universe. Like our o m  
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Sun, each one of these stars can provide the energy for 
plant and animal life. Two factors become abundantly 
clear: that  there is nothing unique about OUT Sun which is 
the mainstay of life on this planet, and that there are 
inore than 10’0 opportunities for the existence of Life. 
I f  we adopt a process of restriction and suppose: that 
because of doubling. clust,ering. secondary collisions, 
etc., onl>- one star in a thousand has a planetary system; 
that only on0 out of a thousand of those stms TTith systems 
of planets has one or more planets at. the right distance 
from the star to provide the \x-ater nnd wannth that proto- 
p!asiii requires; that of these stars only one out of a 
thousand has a planet large enough to hold an atniosphere; 
that the snitable chemical compo-ition for life to arise 
occurs only once in a thousand times, only one sLar in 
1 meets tho necessary rigid requirements. Even so, 
there are 1 Os planet.ary q-stems suitalJle for life. Such x - s  
Harlox- Shapley’s conservatix-e est imatej. Su-Shu 
Huang. howex-er, has irnposed lrss-rigid requirements 
and has set the upper limit of stars that actually support 
life as 5 per cent, that is, 10le stars6. 

This conclusion which astronomers have reached by the 
rigorous analysis of astronomid evidence was already 
prophetically described by the Italian, Giordano Bnmo, 
in tlie sixteent,h century : “Sky, universe. all-embracing 
ether. and imnieasurablo space ali\-e with movement, . . . 
all these are of one nature. In space therr are countless 
c~.,ii~tt.ilations. suns. and planets ; we PFS only the suns 
1- ~CC~311Se -, .. 
they are small and dark. There are also nmliberl~ss 
c,r?rths circling around their suns, no worse and no less 
iiilialiiteti tlian this globe of ours. For  no rc-asonahlc 

me taliat hearenly bodies rr-hich :nay be far 
cnt than ours rrould not hear i i p n  the:ii 

(:reatinn similar or even superior to  those upon oiir human 
Earth’‘. 

The search fur extra-terrestrial life is the prime goal of 
space biology. The resu!t of such a discoreq- may 1iax.e 
an effect on himian thinking far iiiorc profowid than the 
Darwinian or Copernican rex-olittions. If our sallies into 
space should in t,he near future demonst,rate that Martian 
lifo is a reality. and its origin independent of life on 
Earth a cert,ainty, we cannot escape the conclusion 
that there is nothing uniqne about the origin of life on 
Earth and that the interphy of co,inic forces and matter 
xronld harr gix-en rise to ii similar scquence of e\-tnts in tho 
coiintless niiniber of planetai tems in the universe. 

IIl i le therr is a distinct llility of OLW fiiiding an 
tpiice of life in o w  on-n 
of the pianrts n-ith o w  

iniiiirc~iate or  rc.:-ncrte ,srn.ors, rhe only 1x-a~ hy whidi n-e 
v<*ii  :inm-m- the  rp~estions for s!-stcm; outsitle oiir planets 
i.: li!- mnkirig radio coi.Lta(:t \\ it11 oth*:i. cix-ilkations in 
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outer space. “There is one race of men; one race of gods; 
both have breath of Me from a srngle mother. But 
sundered power holds us divided, so that one is nothmg, 
whle for the other the braLen sky E established ther sure 
citadel forever”, m o t e  Prndar m the szxth Semenn 
O h .  

Hoxrerer, % e  have the po~-ibilltv of an expermental 
approach to the problem. As the iavs of cheiiiistq- and 
physics are IlI11vwsa1, the retracing of the stages b) xshich 
life appeared on E a t h  Ixoould give Gtrong support to the 
tlieory of its exiqtence elsexi here in the imiverse. Labora- 
TOT espmmentq on Earth can reveal n-hch materials 
and coridizions a\ aila1.k rn thP u n i x  crip might gixe rise 
to the baqlc chemical components of hving sptenis- 
nucleic acids and protern3 Espernnenrs ma-v ex en reveal 
huu  tLe trais-ltlori fiom clLanicals to tLe crJer1Uiess of 
hvmg systems may hare occurred. 
The idea of MC ariqing from non We. or the theory of 

spontaneous generation, had been a c m p t d  for centuries. 
One had only to accept the evidence of the senses. thought 
the ancients: noIms from mud, maggots fioni decaymg 
meat, and mce from old h e n .  The ancient Egyptians 
believed in this. Roeall Anthony mid Cleopcatrcl. Act 
11. Scene \TI. where Lrpidu3 tell. 31ark Anthony. 
“Tour serpent of Egypt is bred . . . nom of your mud by 
the operation of our sun-so is 3-our crocodile *. Aistotle 
had taught the same doctrine m hi> Jlcir lpl iycirs .  Sex5 ton. 
Harvey, Descartes. \.an Helnio II ucciptt-ti this uithout 
ieriom question. Even the En J e ~ l l t ,  Jolm Tuher\-ille 
S t i t  dldlll. C O l r l d  .111 rib? i o  thja V I (  IT fox CC 
not that God created plants  ai d Ri1 in ia ; s  diiectlj- l g T > t  that 
he ]Jade t l i r ,  carth mid Tiatfry to b i m c  thrni forth <%rid 
c;od *aid let the tarth bring forrll gr~a. the herb ) ield 
seed and t h ~  fruit tree yielding fruit. . . . Let the TT attrs 
1Jrmg FOI th abundantly the mo\-ing ci-cziurc th,,t hath 
life . . : . 

Pasteur’s rigorous experimentation outlan ed the theorv 
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of ~pnntrineons gmeration. xs-hich was based on mconi- 
pctant obser\-ation and the willingness t o  accept the 
saperficial evidence of the senses. The story  of Louis 
Pasteur is often told to beginning students in biology as a 
triumph of reason over mysticism. But to-day we have 
evidence for the contrary. The reasonable &m may be 
to belie\-e in .spontaneous generation though in a restricted 
and a logical sense. 

Charles Darwin was a pioneer in the speculation on the 
earlv conditions for the origin of life. In a letter to a 
friend he mte :  ‘.But if [and oh what a big if !j we could 
conceit-e in some warm little pond, with all sorts of am- 
monia and phosphoric salts, light, heat. elect.ricity. etc., 
present that a protein compound was chemically formed 
ready to undergo still more complex chtbnges”’. Darwin‘s 
own thinkmg could perhaps be traced to the influence of 



.his grandfather Erasmus Dam% 11-ho more than half a 
century earlier had written that “all veget.ables and 
animals now existing were originally derived from the 
smallest microscopic ones formed by sponta:teous vital- 
ity”b. T ~ E  x r a s  too outrageous 
conser\*ative tlllllliing of Darwin’ 
the height of the coiitrorersy G \ Y r  t 
iirtle or no ait.ention was paid to 
the origin of life. 

inrestigutioii of the origin of life hcgan ~ i t h  the  J : i i  

bioclieiiiist . Oparin. Xlrcndy in 1 $24 a pr 
let, TT-as pulli~hed Ly him in Ri.~s<i;xn lm 
“. . . there was no fi?uidnmci;ral diffvrcsnce ! 

of mnnifer?;?tionq and pi.opt.rtiei so cl:arnt.tcrWtic of hit- 
must, hare arisen in the procers of the  ero!utio:l of niRtter”. 
Thirtren yenrs later. lie published his hook 0 7 1  t l e  Ori!git~ 
of Life’. This book has gone through three editions and 
is the classic on the subject. 

According to Oparin: *‘At, first there were the siniple 
6o lUt iOnS of organic subst.ances, the beha.rioir of n-hlch 
 as governed by the propel-ties of their component atoms 
and the arrangement of those at.onls in the molecular 
structure. But gradually as a result of g o n t h  and in- 
creased complexity of the niolwules new popertics h a w  
come into being and a ne= colloidal-clicniical order xms 

simple organic ch~ic ica l  relatioils. 
cs v-erc determined 1 . i ~  the spai,nl 

The 6TPa.t inipetiis. hon-e\-er? to the rxpcrimental 

phase in the organization o trr. In this 
biologiicnl orderliness alri.ady crJmes into pron 
Compet itive speed oE gi-Gi<<h, s~z:ggk fer ecisten 
finally, natural selection rictemiined s u c h  a ft-~iiii of 
material organization m-hich is charnctrristic of l i r i q  
things of the present time”. 

Independcntly of OparUi. Haldate litid speciilit~ed on 
the early conditions suitable for the ernergence of terros- 
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easily be held blocked from further possibly destructive 
transformations. In this way relatively large concentra- 
tions of molecules could be formed”. 

Among the first experirncnts designed to  test some of 
the theories of the origin of life were those of Calvin and 
his associates, who, in 1951, irradiated water and carbon 
dioxide and obtained significant yields of formaldehyde 
and formic acid”. In 1953, Stanley Miller, then a graduate 
student in Harold Urey’s laboratory, assembled a sample 
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University of Houston**. The majority of publications 
have dealt with the formation of armno-acids and the 
nucleic acid constituents, from a mde variety of condi- 
tions which may be considered pre-biolopcal. Fox’s 
work has centred around the orgm of proteins. A 
plausible answer seems to have begun to take shape. 
Yrotemoids have been obtained by the thermal poly- 
merization of the 18 amino-acids. These protemoids have 
a distmct tendency to form microspheres havmg diameters 
in a bactenal range. Starting m t h  ammomum cyanide, 
Oro has synthesized adenine and a number of biochemizal 
intermediates of purines. 

In our own laboratory, we have initiated a programme 
of research using the various forms of energy which were 
known to have existed in the primitive Earth. The con- 
stituents of the atmosphere of the primordial Earth are 
being exposed to ultra-violet light, electric discharges, 
ionizing radiation and h a t .  Tesla coils supply the 
lightning, germicidal tubes the ultra-violet light, the elec- 
tron beam of the linear accelerator at  the University of 
California, Berkeley, gives us our p-particles. The reaction 
products are being analysed for amino-acids, purines, 
pyrimidines, etc. An attempt is being made to polymerize 
these single units to produce the large molecules similar 
to the replicating systems we know to-day. 

The results we have obtained so far are indeed very 
encouraging. Starting with the primitive atmospheres, 
we have been able to synthesize several constituents of 
the nucleic acid molecul+the purines, adenine and 
guanine, the sugars ribose and deoxyribose, the nucleoside 
adenosine and the nucleotide adenylic acid. Under 
similar possible primitive Earth conditions, adenosine 
triphosphate (ATP) appears to be formed in appreciable 
yield. Published results from several laboratories thus 
demonstrate that the first and second atages of chemical 
evolution, namely, the inorganic and organic, can be 
satisfactorily retraced in the laboratory. 

We are optimistic that the path of chemical evolution 
w d l  be outlined in the laboratory. The biochemical 
knowledge which has been amassed within a few years has 
given us a deep insight into some of Nature’s most secret 
processes. With this understanding to help us, the time 
needed to solve our problem may not be long. We C l t n n O t  
deny the immensity of the prospect for any man’s philo- 
sophical position or shrink from its pursuit on account 
of the difficulty of the task. 

More than 500 years ago, Copernicus, in De IievoZ&~- 
bus Orbium Coelmtium reversed the scientific thinHing 
of his time about man’s p h e  in the physkd e- 
A hundred yeam ago, Darwin’s theory of 

d y  learning to tK?cept the 



that life is only a special and complicated property of 
matter and that au fond there is no difference between a 
living organism and lifeless matter. 

To conclude with Harlow Shapley : “The new discoveries 
and developments contribute to the unfolding of a magni- 
ficent universe; , . . With our c o n f r h s  on distant planets; 
with our fellow animals and plants of land, air and sea; 
with the rocks and waters of all planetary crusts, and the 
photons and atoms that make up the stars-with all these 
we are associated in an existelice and an evolution. . . . 
And as groping philosophers and scientists we are thankful 
for the mysteries that still lie beyond our grasp”. 
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